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Microorganisms found in bio aerosols from animals’ confinement buildings is not only foster the risk of 
spreading diseases among livestock itself, but also pose health hazard among farm workers and nearby residents. 
The objectives of this study are to observe the population of microorganisms and identify the present of 
Staphylococcus aureus (S. aureus) inside the cattle farm. DRF e-MAS which was owned prepared by Arduino kit had 
been used to observe the microorganisms’ population. The air from surrounding that contained microorganisms 
being aspirated into the plate chamber of the DRF e-MAS. The nutrient agar that being placed inside the plate 
chamber will be incubated along with aspirated microorganisms and the result of microorganisms’ population 
will be observed. S. aureus is one of the possible bacteria that may be found among the population of the 
microorganisms in cattle farm. DRF e-MAS along with Baird Parker Agar being used to identify the present of 
S. aureus. Baird Parker Agar is used to enhance the growth of S. aureus while eliminating the others. After being 
incubated, a single colony of S. aureus that grew on the Baird Parker Agar had been picked and regrow on 
another nutrient agar. A single colony that formed on that nutrient agar will be picked and then undergo 
Coagulase test and IMViC test. Coagulase test involved the citrated plasma and the present of bubbles show 
positive result. On the other hand, IMViC test divided into four sub-test which are Indole test, Methyl red test, 
Voges-Proskauer test and Citrate test.  These tests are important in order to confirm the present of S. aureus in 
this farm. According to the test, there was S. aureus found among the microorganisms’ population inside this 
barn. 
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Livestock industry is a part of the agricultural sector which is a growth sustaining industry in Malaysia. However, 
the unsystematic management of animal waste disposal is one of the causes to increasing bacterial population 
in the farm. Cattle produce copious quantities of manure that consisting of faeces and urine along with 
undigested feed and other secretions like vagina secretion, mammary gland secretion and nose secretion. 
However, the manure is the biggest contributors that serve as reservoir for microorganisms. Proper 
management should be apply to prevent spread of the harmful microorganisms and promotes the health and 
wellbeing in cattle and human. Keep the barn in clean condition by removing the manure frequently and apply 
good biosecurity like foot dip is the easiest way to prevent the spread of microorganisms. 
 
The levels and types of microorganisms occurring in their manure vary according to their dietary sources, health 
status and age of the cattle, physical and chemical characteristics of the manure produced, and storage facilities 
of the manure. Activation of pathogenic bacterial could be happen through several factors (Manyi-Loh et al., 
2016) which included favourable temperature, pH, moisture content, nutrient availability or organic content, 
biological interactions, time and the density of the organisms in manure. Without realizing, some activities by 
farmers during managing the barn can create a favourable condition for bacteria growth. Farmers sometimes 
tend to mix the manure with the waste water from rinsing milking equipment and cleaning installations, and this 
will dilute the manure and thus encourage favourable moisture for pathogenic bacterial. In addition, solid 
manure that being stockpile outside the barn will be exposed to the environment and ambient temperature. 
Moreover, the survival rates of E. coli is influenced by temperature since temperature is the highest contributor 
to bacterial rate (Wang et al., 2004) and the reduction rate of E. coli in store manure was very slow during cold 
climate conditions (Berggren et al., 2005). 
 
S. aureus causes one of the most common types of chronic mastitis in cows especially after calving may flare up 
with clinical mastitis and the infection usually started with subclinical with elevating somatic cell counts (SCC) 
but no detectable changes in milk or the udder (Pettersson et al., 2010). The S. aureus that found on teat canals 
and mammary glands are contagious and it will be spread during milking time, contact with uninfected gland 
and according to Kozajda et al. (2019), S. aureus can also be transmitted through airborne. S. aureus is extremely 
difficult to control by treatment alone, thus the best way to control it by early prevention of new infections in 
farm or culling of the infected animals (Pettersson et al., 2010). 
 
 
MATERIALS AND METHODS 
 




Assessment had been done in the cattle farm at Ladang UniSZA Pasir Akar, Terengganu, Malaysia (Latitude: 
5.643865; Longitude: 102.471009). Fig.1 and Fig. 2 show the study location. The purpose selection of this area 
for sampling was based on the possibility of high concentration of microbial aerosols. This farm was applying 
open feedlots system with 1 494 m2 total area and 197 m perimeter. Open feedlots system is a good system to 







        Fig. 1. Map of Ladang UniSZA,                                     Fig. 2. 3-D Map of Ladang UniSZA,  




The assessment of microorganisms’ population had been collected by using microbial air monitoring systems, 
which known as DRF e-MAS (Fig. 3). DRF e-MAS has been used as an alternative to HACH MAS-100 which 
is using the standard method for determining biological pollutant according to USEPA CPSC #425 was strictly 
followed during the development of this equipment. DRF e-MAS was designed as 3-in-1 air sampler equipment 
with the plate chamber is suitable for biological sampling with 60 mm and 150 mm diameter petri dish, and 
heavy metal sampling with 50 mm diameter filter paper. This equipment is utilized open-source Arduino 
microcontroller to facilitate prototyping and incorporation of wind velocity algorithm and consistency control. 
Two-types of a power source which is AC and DC from internal lithium polymer battery for field sampling. 
 
 
Fig. 3. Microbial Air Sampler (DRF e-MAS). 
 
Air was aspirated through plate chamber with maximum volume 1.74 m3/min that flowed through the plate 
chamber. The measurement had been taken at 1.5 meters from the ground (Yasmeen et al., 2019) for every four 
points inside the cattle barn. This is because 1.5 meters is at the same level as the average human and cattle 
breathing height. Majority cattle being raised in this farm were imported breeds which their height approximately 
1.5 meters. The types of breed that can be found in this farm are Brahman and Angus. Nutrient agar that been 
prepared a day before sampling was placed inside the plate chamber of DRF e-MAS. Time taken during sampling 
for each point was approximately 30 seconds. After 30 seconds, the nutrient agar immediately sealed and being 
incubated for 24 hours at 37°C. After 24 hours, the population that grew on the nutrient agar had been counted. 






The surrounding temperature and humidity being monitored by using a temperature and humidity detector 
(Fisher brand, Fig. 4). This tool is very easy and efficient to use in the farm since it is wireless, light and space 
less. It also stable, accurate and no adjustment required. This detector also allow the users to get the result right 
after the measurement finished and the result will be readable since the unit of temperature is in degree Celsius 








Assessment of microorganisms’ population 
 
Sample of population microorganisms had been collected by using DRF e-MAS. The measurement had been 
taken at 1.5 meters from the ground for each four point inside the cattle barn. Nutrient agar that been prepared 
a day before sampling had been placed inside the plate chamber of DRF e-MAS. Time taken during sampling 
for each point was approximately 30 seconds. After 30 seconds, the nutrient agar had been immediately sealed 
and being incubated for 24 hours at 37°C. After 24 hours, the population that grew on the nutrient agar had 
been counted. The result had been taken.  
 
Assessment of temperature and humidity 
 
The temperature and humidity detector had been put at each four set point inside the barn with stable position. 
Time taken during the measurement was taken approximately 30 minutes. After that, the measurement of the 




All the collected data of microorganisms’ population, temperature and humidity had been statistically analysed 
by using Microsoft Excel. Descriptive analysis had been applied in order to identify the concentration of 
population microorganisms, temperature and humidity inside the cattle farm at Ladang Pasir Akar. Descriptive 
analysis also used to describe the basic features of the data in a study and provide simple summaries about the 
sample and the measures. In this study, it is used to identify the outliners and distributions of the current 
airborne bacteria, temperature and humidity. The finding was presented in the box and whisker plot for picturing 
data which signifies the descriptive statistics of the data set (Samsudin et al., 2019a). The ‘stem and leaf diagram’ 







Staphylococcus aureus identification 
 
The sample had been collected by using DRF e-MAS with the measurement 1.5 meters from the ground inside 
the cattle barn. Baird Parker Agar that been prepared a day before sampling had been placed inside the plate 
chamber of DRF e-MAS. Baird Parker Agar is a medium contain lithium and tellurite which inhibit most of the 
contaminating microflora, while glycine and pyruvate in this agar enhance the Staphylococcus growth (Siegrist, 
2011). Time taken during sampling was approximately 30 seconds and then the agar along with the bacteria had 
been sealed immediately before incubated for 24 hours at 37°C. Grey-black colonies with a clear halo that 
develops around the colonies had been formed. This was happen due to the coagulase positive from S. aureus. 
In addition, Staphylococci can reduce the tellurite to telluride which results in grey to black coloration colonies 
(Siegrist, 2011). Single colony of S. aureus had been picked up by using inoculation loop and streak it to another 
nutrient agar to prolong the S. aureus’s growth. The nutrient agar along with the S. aureus had been incubated for 




After 24 hours S. aureus being incubated, it undergoes coagulase test in order to differentiate between S. aureus 
from other Staphylococcus species. A clean and grease-free glass slide had been prepared. A small drop of distilled 
water had been place the glass slide. A single colony of S. aureus had been picked up from the incubated nutrient 
agar with sterilized and cooled inoculation loop and smear the colony on the glass slide that had been placed 
the distilled water earlier. A drop of citrated plasma had been dropped on the smeared colony and then mixed 




S. aureus also has been undergo Indole, methyl red, Voges-Proskauer and Citrate (IMViC) test in order to 
differentiate the group of the bacteria that found inside the cattle barn. The method had been performed 
according to Abdallah et al. (2014). 
 
Single colony of S. aureus had been picked up with a wire loop and put inside the test tube that contain 5 ml of 
peptone water. Five drops of Kovac’s indole reagent was added and shaken gently. After that, the test tube 
along with its contents had been incubated for 24 hours at 37°C. According to Cheesbrough (2000), the 
development of red colour formation on the top layer indicate positive reaction. This process is called as Indole 
test. The aim of this test is to detect the production of indole from the degradation of the amino acid tryptophan. 
 
Methyl Red – Voges-Proskauer is actually two different tests where it was going to set up in one tube. Methyl 
Red test was used to detect the production of acids during the formation of sugar while Voges-Proskauer test 
used to detect the production of the acetyl methyl carbinol (acetoin) from glucose. S. aureus had been grown in 
5 ml of MRVP broth (Methyl Red – Voges-Proskauer) and then being incubated for 48 – 72 hours with 37°C. 
After the incubation, 1 ml of the broth was transferred into a test tube and 2 – 3 drops of methyl red was added. 
Formation of red colour indicates positive methyl red, while yellow colour indicates negative test. For the rest 
of the broth, 15 drops of 15% alpha-napthal in alcohol was added and five drops of 40% KOH was also added, 
then followed with shaken gently. The cap of the tube was loosened and development of a red colour within 
one hour indicates a positive test. No colour change indicates negative test (Cheesbrough, 2000). 
 
Citrate test had been performed in order to detect the ability of organisms to utilize the citrate. A single colony 
of S. aureus had been isolated into Simmon’s citrate agar in Bijou bottle. The S. aureus had been incubated for 24 







RESULTS AND DISCUSSION 
 
Descriptive analysis of the microorganisms’ population, temperature and humidity 
 
In order to identify the concentration of microorganisms’ population, temperature and humidity in the cattle 
farm, the descriptive analysis had been used to summarize the raw data collection into mean, minimum value 
and maximum value. Fig. 5 shows the boxplot of the concentrations of the bacteria population and Fig. 6 shows 
the boxplot of the concentration of temperature and humidity. Whereas, Table 1 shows the descriptive statistic 




Fig. 5. Box plot of the microorganisms’ population. 
 
Table 1. Descriptive statistic of the bacteria count. 
 
  












Fig. 6. Box plots of the temperature and humidity. 
 
Table 2. Descriptive statistic of the concentration of temperature and humidity. 
 
  
Temperature (°C) Humidity (%) 
   
Mean 31.3 72.4 
Minimum 30.5 70.3 
Maximum 32.1 74.0 
 
Based on collected data, the result showed the mean value of microorganisms’ population was 62.1 cfu × 
103/m3. The minimum value showed 17.3 cfu × 103/m3 while maximum value showed 141.5 cfu × 103/m3. 
During sample was taken, the temperature and humidity inside the cattle barn being observed by using 
temperature and humidity detector (Fisher brand). The mean value of both temperature and humidity were 
31.3°C and 72.4% respectively. The minimum value of temperature was 30.5°C and the maximum value was 
32.1°C. On the other hand, the minimum value of humidity showed 70.3% while maximum value showed 
74.0%. 
 
Based on the result that being observed, the higher percentage of humidity; the higher value of microorganisms’ 
population in the farm. In addition, during sampling day, it was the raining season which can contribute to high 
percentage of humidity in the cattle farm. According to Manyi-Loh et al. (2016), the high moisture content in 
manure can serve as a reservoir for microorganisms. High temperature is not a favourable environment for 
microorganisms’ growth. In the other hand, certain bacteria may die in environment with high temperature 
(Wang et al., 2004). The sampling result showed the higher temperature in the cattle barn, the lower value of 




Table 3 shows the finding of the coagulase test on S. aureus. Based on the result, it can be interpret that there 
was S. aureus inside the cattle farm since all the test showed positive results. According to Roberson et al. (1994) 
and Haran et al. (2012), S. aureus is a common causative agent of bovine mastitis in dairy herd. The primary 




transmission of S. aureus to prepartum heifers has been attributed to the feeding of mastitis milk to heifer calves 
and allowing heifers to suckle each other. During sampling, there are 13 calves inside the farm which mean there 
are 13 heifers were still nursing. This can contribute the growth of S. aureus inside this cattle barn. Haran et al. 
(2012) also stated that S. aureus is also the third most reported cause of food – borne diseases in the word since 
S. aureus growth or contaminated in the milk or milk product leads to the production of the staphylococcal 
enterotoxins and cause food poisoning in human. S. aureus is not only affect to the cattle, it also give bad impact 
towards human. The current recommendations to control S. aureus is to reduce the route of transmission from 
this reservoir. 
 
Table 3. Coagulase test result. 
 
P1 P2 P3 P4 




Table 4 shows the result of IVMiC test on S. aureus. Based on the result of indole test, S. aureus showed no color 
changes due to inability to degrade the amino acids tryptophan into indole and pyruvic acid (MacWilliams., 
2012).  The enterobacteriaceae and E. coli usually have the ability to hydrolyse of acid tryptophan into indole 
and pyruvic acid and produce red layer at the top of culture. 
 
Methyl red – Voges-Proskauer medium is essentially a glucose broth with some buffered peptone and 
dipotassium phosphate. It is inoculated with test organisms. Methyl red indicator had been added into the 
culture used to observe the colour changes of the culture. S. aureus had been showed positive reaction where 
methyl red indicator change the colour into red. This reaction indicates S. aureus is a mixed-acid fermenter and 
able to oxidize the glucose to organic acid and stabilized the organic acid concentration. 
 
S. aureus produce positive reaction in the methyl red – Voges-Proskauer media because S. aureus is not be able 
to produce 2,3-butanediol or ethyl alcohol and is only known as acid fermenter. Bacteria that is able to produce 
2,3-butanediol and ethyl alcohol result lowering the pH because they did not produce acid and known as 
butanediol fermenters. 
 
In citrate test, S. aureus showed positive reaction when the colour changes into blue right after adding the 
indicator Bromothymol blue. This is because S. aureus has the ability to utilize the citrate as the sole of carbon 
and energy. 
 
Table 4. The result of IMViC test  
 
Test  Reaction of S. aureus 
Indole  - 
Methyl red + 
Voges-Proskauer + 







Based on the descriptive statistical analysis that been performed to analyse and summarized the data , it showed 




higher. The humidity tend to increase due to the raining season and it will lead increasing the moisture in the 
environment and thus, it create the favourable condition for growth of bacteria population. However, the 
maximum value of microorganisms’ population are still under the control. By applying good management, it 
will reduce the spread of harmful bacteria. Coagulase test and IMViC test had been performed to identify the 
present of S. aureus inside this barn. The result showed there were S. aureus in this farm and early prevention 
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